Abstract
have high environmental impact) and understanding as to how process sustainability with UV-C found to be about 3 times more environmentally friendly than UV-A 37 photolysis. Addition of TiO2 to UV-A and H2O2 to UV-C caused their total 38 environmental impacts to decrease by about 97% and 88%, implying that UV-A/TiO2 39 was better than UV-C/H2O2. In terms of total environmental footprint, the advanced 
System boundaries and life cycle inventory (LCI)

182
The system boundaries define which unit processes (the smallest elements for which AOPs, the final use and disposal route of treated effluent was taken to be external to 212 system boundaries. In other words, cradle-to-gate (treated effluent) was used. 
where P is the electrical power of the irradiation source (kW), t is the irradiation time Results and discussion
256
To render the analysis both comprehensive and straightforward to follow, the results
257
for the solar and UV irradiation light sources are considered separately. Then, a 258 comparative analysis of all processes follows in order to identify the most promising 259 result in terms of environmental sustainability. Finally, a sensitivity analysis is carried 260 out using scenarios to investigate the effect of the main environmental hotspots and to
261
propose "greener" alternatives by which to improve sustainability. lamp materials hardly contributed to the total environmental footprint, whereas the UV-
Environmental sustainability of solar-driven
354
C lamp required about 20% higher power but also had significantly higher treatment 355 efficiency (see Table 1 ). As a result, UV-C removed 1 μg/L of EE2 at a much faster 356 rate than UV-A treatment, requiring less energy and contributing less environmental 357 footprint per functional unit.
358
When reagents were added, the environmental footprint of both UV-A and UV-
359
C treatment was substantially reduced. Figure 3 shows that addition of titania (10 mg/L TiO2) drastically reduced the total environmental footprint of UV-A treatment, from 361 ~309 μPt for UV-A photolysis to ~9.2 μPt for UV-A/TiO2 heterogenous photocatalysis.
362
As far as UV-C treatment is concerned, the addition of H2O2 (10 mg/L) also had a 363 profound effect, with the environmental footprint of UV-C photolysis reducing from
364
~117 μPt for UV-C to ~13.8 μPt for UV-C/H2O2. These large reductions (~97% for 365 UV-A/TiO2 and ~88% for UV-C/H2O2) are due to a combination of improved treatment 366 efficiency and reduced treatment time (Table 1) .
367
As with solar-driven AOPs, the environmental sustainability of UV-driven (Table 1) . example, in prototype applications, the stirring processes, which required large energy 425 inputs at bench scale, will be replaced by pumping which is more energy efficient.
426
Given that it also consumes electricity, pumping is likely to be a prime environmental processes for pharmaceutical wastewater treatment).
429
Energy consumption to degrade 90% of EE2 was also estimated in order to undertake futures, rather than make forecasts or predictions (Kouloumpis et al., 2015) . Moreover, Rodríguez, R., Espada, J.J., Pariente, M.I., Melero, J.A., Martínez, F., Molina, R., 2016.
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